The degree to which Mexican immigrants in the U.S. are assimilating culturally has been widely debated. To examine this question, we focus on musical taste, a key symbolic resource that signals the social positions of individuals. We adapt an assimilation metric from earlier work to analyze self-reported musical interests among immigrants in Facebook. We use the relative levels of interest in musical genres, where a similarity to the host population in musical preferences is treated as evidence of cultural assimilation. Contrary to skeptics of Mexican assimilation, we find significant cultural convergence even among first-generation immigrants, which problematizes their use as assimilative "benchmarks" in the literature. Further, 2nd generation Mexican Americans show high cultural convergence vis-à-vis both Anglos and African-Americans, with the exception of those who speak Spanish. Rather than conforming to a single assimilation path, our findings reveal how Mexican immigrants defy simple unilinear theoretical expectations and illuminate their uniquely heterogeneous character.
INTRODUCTION
Are immigrants assimilating to U.S. culture? According to the "straight-line" assimilation hypothesis, developed by 20 th -century Chicago sociologists, the more time immigrants spend in the host society, the more culturally similar to natives they become [17, 25] . Early European immigrants seemingly conformed to this expectation. By the third generation, most European immigrant groups became largely culturally indistinguishable from Anglo-American natives [29] . Nevertheless, post-1965 immigrants from Latin America and Asia do not appear to be following a single, "linear" assimilative path. Instead, their assimilation appears "segmented" [30, 34] . While advantaged immigrants are still assimilating "linearly, " disadvantaged groups are taking a less expected route. As they concentrate in poor neighborhoods, their children come in close contact with "downtrodden" native minorities like African-Americans and often adopt their cultural norms and styles [18] .
What path are Mexican immigrants taking? Critics have questioned their willingness and/or capacity to assimilate to mainstream U.S. culture. Empirical evidence of their assimilation has been mixed [1, 23] . We focus on a key dimension of culture, musical taste, to assess the assimilation trajectories of Mexican Americans. Patterns of artistic consumption like musical taste can illuminate important aspects of the assimilation process [24] . Musical tastes both reflect and reproduce ethnic divides [27] . Hence, shrinking differences in musical tastes across generations would imply that cultural assimilation is taking place and that ethnic boundaries between groups are blurring.
We analyze the musical preferences of Mexican immigrants, Mexican Americans, non-Hispanic Whites (henceforth "Anglos"), and African-Americans on Facebook. 1 We find that 1st generation Mexican immigrants have relatively high levels of cultural assimilation. Further, rather than converging with the musical tastes of either Anglos or African-Americans, the 2nd generation Mexican-Americans have substantial cultural similarities with both groups, which highlights the manifold character of Mexican assimilation. Finally, assimilation varies significantly based on demographics including age, language preference, and education level. 2 
RELATED WORK
Sociologists of culture have identified musical tastes as key symbolic resources individuals draw on to negotiate and express their social positions [31] . According to Bourdieu [5] , taste "classifies. " It marks identity and social status. While taste for high-status musical genres like classical music or opera may signal a privileged class background, lower-status genres suggest a lower class position [8] . Cultural differences like musical taste may be the building blocks that reinforce and preserve ethnic boundaries [3, 32] . According to Telles and Ortiz, "the extent to which such cultural markers [of ethnicity] persist over generations may signify the extent to which ethnic groups remain viable. "
However, few studies have examined the musical taste of Mexican immigrants. Using inter-generational survey data, Telles and Ortiz find that Mexican Americans express a taste for U.S. Latino music as well as for what they term "American, black" genres. Thomas [24] also uses survey data and finds that Mexican immigrants in the U.S. exhibit a wide array of differences in musical taste vis-à-vis Anglos, but these differences diminish among the U.S. born second-generation (particularly after adjusting for class). Though insightful, this nascent literature has limitations. Some of these studies only capture a few locales rather than national trends [23] . Further, first-generation immigrants are normally used as an "assimilative benchmark" to which later generation immigrants are compared [10] , which ignores the fact that first-generation immigrants may themselves acculturate. Last, prior studies rely on immigrants' self reports of cultural taste on surveys, which may not capture their everyday preferences.
By relying on Facebook data, we are able to address these limitations. First, Facebook provides rich, nation-wide data on the expressed cultural preferences of its users, which allow researchers to obtain a broader sample than what is available through surveys. Second, Facebook's worldwide popularity allows us to compare Mexican immigrants' cultural preferences directly with those in the source-country: Mexicans living in Mexico. Third, on Facebook, immigrants spontaneously report the music styles that they prefer, which advertisers can then access to target specific subgroups. These data provide a more natural, bottom-up window on immigrant interests than a survey. While much of Facebook's data is private, researchers can use the advertising platform to obtain aggregate estimates for customized demographics, which can then be validated with ground-truth data [2, 19] . Using the advertising platform, Dubois et al. [9] proposed a method to measure immigrant assimilation via cultural interests on Facebook, which we apply to examine musical interests of Mexican immigrants.
DATA COLLECTION 3.1 Audience data
Facebook's advertising platform allows users to compute an estimated audience size for a proposed advertisement [14] . The audience can be defined by demographic attributes provided by Facebook, including gender, age, home location, ethnic affinity, and interests. Some attributes such as gender are self-reported, while others such as ethnic affinity (e.g. "Hispanic (US -All)") are inferred. Facebook users can report their preferences over multiple domains such as music, food, and sports [9] . In this paper we focus on musical genres as a marker of assimilation [24] . 1 
Identification of second-generation Mexican immigrants
Sociologists typically assess immigrant assimilation by comparing the traits and life outcomes of immigrants across generations. The expectation is that the U.S. born children of first-generation immigrants will be significantly more acculturated [12] [24] . In this study, the key demographic dimension of interest is generational status. Unfortunately, Facebook's advertising platform does not permit this kind of targeting. We therefore use different Facebook user targets as proxies for the second or later Mexican-American generation:
(1) Hispanic American non-expats with interest in Mexico, i.e. "Mexican Americans (Mexico)"; (2) Hispanic Spanish-speaking American non-expats, i.e. "Mexican Americans (Spanish)"; and (3) Hispanic Americans non-expat located in cities with a high concentration of Mexican-Americans, according to 2010 American Communities Survey, i.e. "Mexican Americans (communities). " These methods are validated by comparing the estimated distribution of the population across different demographics (age, education, gender, marital status, and region) against known demographic distributions for second-generation Mexican Americans [11] . The sample mean and standard deviation for each demographic distribution are computed from the 2016 Public Use Microdata Sample (PUMS), following the sampling procedure outlined by Torrieri [26] . We compute the proportion of the population that falls into a given category c ∈ C within each demographic group d as follows:
The demographic proportions are computed over the Mexican Americans in the PUMS data, and the three proxy populations described above (Mexico, Spanish, communities). The demographic distributions in Figure 1 of the supplementary material show that most of the estimates are close to the survey estimates. The distributions of marital status, age, and education are slightly different from the ground-truth distributions, due to underlying differences in the Facebook user base as compared to the overall population [20] . This bias cannot be ignored, and we therefore caution readers to view our analysis as exploratory rather than definitive. Nonetheless, the overall distributions align well: the Kullback-Leibler divergence values [15] between the estimated and ground-truth populations are significantly lower than the values expected by chance (KL = 0.240, 0.218, 0.236 for Spanish-speaking, interest and communities as compared to KL = 0.858, 0.936, 1.29 by chance based on N = 1000 random samples from uniform distribution). We use all three audience estimates as proxies for 2+ generation Mexican Americans in the rest of the study.
Population statistics.
We are interested in comparing the rate of assimilation among first and later generations of Mexican immigrants, with respect to the majority racial group (Anglos) and a minority racial group (African Americans). Our study focuses on As mentioned above, we define the Mexican-American population in three different ways: interest in Mexico, speaking Spanish, and living in a predominantly Mexican American community. Note that the populations are not mutually exclusive: for instance, someone may have both an interest in Mexico and may live in a Mexican-American neighborhood. These ethnic groups are targeted with Facebook's "ethnic affinities" demographics, which has been shown to be reasonably accurate in prior work [21] . We provide a summary of all populations of interest in the study in Table 1 . As expected, the Facebook estimates are generally smaller than the survey estimates in part because of incomplete penetration [20] . In addition to independent counts, it is worth noting that the Mexican American populations show relatively low overlap: 36.2% between what we define 'communities' and 'interest'; 27.2% between 'interest' and 'Spanish'; 32.2% between 'Spanish' and 'communities'; and 11.7% between all three. This provides further justification for treating the Mexican American populations separately throughout the rest of the study.
Collect musical interests
The study focuses on music as a marker of cultural identity, which requires identifying specific musical interests to use in data collection. An important advantage of using Facebook as data source is that the interests are defined by users, which provides a bottom-up perspective on cultural interests that is often missed by other data sources such as surveys. It is important to note that because the interests are user-selected, the cultural preferences expressed may be seen as more of an identity "performance" [6] rather than true preference.
We began with a initial set of Facebook musical genres collected in 2016 [4] , expanded the list manually for Latin Americanspecific genres from Wikipedia, expanded the list with suggestions from Facebook's advertising platform (manually filtered for musical genre), then filtered to 741 genres with a worldwide audience size above 100,000 (smaller genres are unreliable for comparing sub-populations). We provide the complete set of genres I in the supplementary material.
These interests provide the basis for computing differences and similarities across sub-populations. Following the approach of Dubois et al. (2018) our analysis starts by computing interest ratios, which represent the proportion of a given population p that is interested in genre i:
For example, if 10 users from population p show interest in hiphop music, 60 in rock music and 30 in rap music, then the interest ratio for hip-hop would be I p,hip−hop = 10 100 = 0.10. This quantity measures the share of interest in a given genre. Note that there is potential for overlap between populations. The interest ratio does not account for that, as we have no way of knowing how many users like both hip-hop and rock music, so we treat them as separate populations.
Quantify assimilation
The intuition behind the measure of assimilation that we propose is that a population of migrants is considered more assimilated if their interests are similar to the interests of the population at the destination, and dissimilar from the interests of the population at the origin. If the destination population is highly interested in hip-hop music, the origin population shows little interest in hiphop, but the expat population from origin to destination is highly interested in hip-hop, we would say that the expat population is highly assimilated to the destination population with respect to hip-hop, meaning that expats match the taste of natives for the specific genre.
To quantify the level of assimilation following Dubois et al. [9] , we compute for each genre the assimilation ratio (AR) of ex-pat interest proportion and destination interest proportion:
where I expat,i and I dest,i are the proportions of the ex-pat and destination populations that have indicated an interest in musical genre i (Equation 2). A higher AR score indicates that the ex-pat population is more assimilated to the source population's interest in genre i. Before computing AR, we identify a subset of musical genresÎ that are strongly identified with the destination population. The interests in genres are filtered as follows:
(1) Remove all interests I ′ that are more associated with the source population than with the destination population:
(2) Compute the difference ∆ between destination and source interest proportions, and remove all interests I ′′ for which the difference falls below the p th percentile (p = 50 following [9] ):
This produces a set of interestsÎ that are distinctly more associated with the destination population than with the source population (i.e. more "American" than "Mexican"), which we use to evaluate assimilation. Note that this process is repeated for each separate destination population. 
RESULTS

Verifying cultural assimilation
In this study, we assume that the musical interests expressed on Facebook can measure cultural assimilation. To validate that assumption, we compute the assimilation ratio for several immigrant groups and validate against results from the literature [28] . We query Facebook for the audience counts for the top 100 U.S. music interests for all immigrants and natives from the following countries: Canada, China, El Salvador, Guatemala, India, Mexico, Philippines, South Korea, and Vietnam (following Vigdor [28] ). We then compute all assimilation scores for each immigrant population using the top 50% of interests in the target country as compared with the source country. The median assimilation scores and standard errors are shown in Figure 1 . We see a clear divide between the high-assimilation immigrant groups (Canada, India, Mexico, and the Philippines) and the low-assimilation immigrant groups (China, El Salvador, Guatemala, South Korea, and Vietnam). This general trend mirrors the findings of Vigdor [28] (cf. Figure 6 ) who found that assimilation for Canadian and Filipino immigrants were higher than for immigrants from China, El Salvador, Guatemala, South Korea, and Vietnam.
While not exhaustive, this test provides some evidence that the behavior of the assimilation scores is consistent with prior work.
Comparing assimilation across ethnicity and generations
Are Mexican immigrants and their descendants becoming culturally assimilated in the U.S.? Prior work has typically measured assimilation with respect to the majority U.S. group ("Anglos"). However, some scholars have argued that Mexican Americans may be acquiring the tastes of marginalized native minorities, such as African Americans [7, 24] . Therefore, we compare the rate of assimilation across generations with respect to two reference populations: U.S.-born Anglos and African Americans. Figure 2 shows the smoothed kernel estimate of assimilation scores between the different Mexican-origin groups and Anglos (in red) and between these groups and the musical tastes of African Americans (in blue). It shows that Mexicans in Mexico have the least similar musical tastes relative to Anglos. Also, their tastes are more similar to those of African Americans, which may be driven by the growing popularity of rap and hip-hop in Mexico. Nevertheless, such greater cultural proximity to African Americans ′ musical tastes cannot be found among 1st generation Mexican immigrants, who show great convergence with both Anglos and Blacks. This suggests that Mexican immigrants are a select group and/or that 1st generation immigrants have already acquired U.S. musical tastes during their time in the U.S.
The 2nd generation results are mixed. When we measure the Mexican-American 2nd generation by their interests ("interest") or by their residence ("communities"), we find a high degree of convergence with the musical preferences of both Anglos and Blacks, which calls into question unilinear expectations of cultural adaptation. In contrast, when we define the 2nd generation based on the ability to speak Spanish, we find greater cultural differences vis-àvis both Anglos and Blacks perhaps because Spanish knowledge is a marker of "thick" ethnicity. Further, individuals in this group who are not of Mexican origin may be different from their Mexican counterparts.
These results call into question the use of 1st generation immigrants as an "assimilation benchmark" since these immigrants already show substantial cultural assimilation. They also show the sensitivity of assimilation measures to using different definitions of the 2nd generation in Facebook.
Comparing assimilation rates across demographics
Our next analysis investigates patterns of assimilation across different immigrant sub-populations. We compute the assimilation ratios for the following demographic sub-populations of the Hispanic Mexican ex-pats living in the U.S.: age, education, gender 3 , dominant language, and geographic region. These variables are known to modulate the distribution of musical taste among immigrants [24] and immigrant assimilation in general [22] . With respect to Equation 3, we set the destination population (for I dest ) to U.S.-born Anglo people and the source population (for I sour ce ) to Mexico-born people. The distributions in Figure 3 show substantial differentiation among subpopulations (top plot). There are significant differences for the ages and language demographics (according to Kruskal test, test statistic=21.6, (p < 0.001) for age, (17.6, p < 0.001) for language):
(1) Younger (13) (14) (15) (16) (17) (18) immigrants and Mexican Americans have lower assimilation scores than the older age groups (all groups 29+). (2) English-speaking immigrants and Mexican Americans have higher assimilation scores than Spanish-speaking and Bilingual groups.
The finding about language is more intuitive: English-speaking Facebook users are more likely to understand typical American music (mostly in English). The age finding is unusual, considering that younger immigrants are more likely to be willing to change their musical interests to align with their peers. However, analyzing the top-k interests for the youngest age group reveals why they show greater cultural dissimilarity: the top interests for 13-18 Mexican immigrants are highly concentrated under hip-hop and rap genres ("Southern hip hop", "Midwest hip hop", "Gangsta rap") and tend to miss the majority of typical Anglo interests ("Alternative rock", "Progressive rock", "Rock and roll").
In addition, subgroups of Mexican Americans, especially those defined by educational level, show notable differentiation: Mexican Americans with a Bachelor's degree or more tend to have higher assimilation scores than those with less than a high school degree. Musical taste is not necessarily inaccessible to those with a lower education, so this finding is unanticipated. In addition, female Mexican Americans have a slight tendency toward higher assimilation than male Mexican Americans, which may be related to different gender socialization among Mexican Americans versus Mexican immigrants.
Regression analysis.
It is important to note that the prior demographic patterns may be complicated by cross-variable correlations. For instance, younger Hispanic Facebook users tend to speak more English than older Hispanic Facebook users. We therefore recompute the assimilation ratios across all cross-sections of the above demographics for all immigrant groups. 4 We run a linear regression to predict the level of assimilation from the demographic variables: where β is a vector of coefficients for all possible demographic values (male, female, etc.) and D i is a binary vector to indicate the relevant demographic values for group i (male=1, female=0, etc.). We treat all demographics as categorical even though some may be ordinal (e.g. age, education) to account for possible nonlinear effects. We run this regression twice, using Anglo and African American Facebook users as the target populations.
The regression results for the Anglo assimilation scores are shown in Table 2 . Some of the earlier results about demographic trends are corroborated here: younger, less educated and Englishspeaking populations have higher assimilation scores. We confirm the gender effect outlined earlier, which lends support to the notion of women as leaders of change rather than being culturally conservative. Lastly, another surprising finding shows a negative correlation with generation: later generations are expected to assimilate more, but after controlling for other variables, all definitions of the later generation have a negative correlation with assimilation. This may be due to different distributions of demographics across generations, such as the tendency of the later generation to be younger, which are controlled for in the following regression. The regression results for the African American assimilation scores are shown in the supplementary material. The general patterns remain the same as in the Anglo regression, albeit with some weakened effects ("West" and "female" have lower coefficients).
To test interactions among variables, we re-run the Anglo assimilation score regressions using three separate models:
(1) Model 1: interaction between age and education (2) Model 2: interaction between age and language use (3) Model 3: interaction between age and generation We omit the table for space (see supplementary material) but summarize the main effects as follows. In Model 1, higher education correlates with lower assimilation but the effect is less strong for younger ("19-28") and somewhat older ("39-48") populations. In Model 2, older age has no effect on assimilation by itself but older populations that are English-speaking or Bilingual ("39-48 * English") tend to have higher assimilation scores. In Model 3, the later generation still tends to have lower assimilation, but younger members of the later generation ("19-28 * Gen. 2") have higher assimilation.
Across all analyses, we find that several high-level patterns are consistent for Mexican immigrants and Mexican Americans. We also find that there are important sources of heterogeneity such as different language effects and interactions between age and other demographics.
Summary of findings
(1) The musical tastes of Mexicans in Mexico are more similar to African Americans' tastes than to Anglos'. (2) 1st generation Mexican immigrants exhibit high assimilation to Anglos and African Americans. (3) 2nd generation Mexican Americans also exhibit significant assimilation to both Anglos and African Americans with the exception of those that predominantly use Spanish as their main language. (4) In aggregate, higher-educated, older, and English-speaking populations show more assimilation to Anglo musical tastes. When controlling for cross-demographic effects, female, younger and 1st generation show more assimilation.
DISCUSSION
Critics have questioned the capacity and/or willingness of Mexican immigrants to assimilate culturally to the U.S. Nevertheless, we find evidence of substantial cultural assimilation even among 1 st generation Mexican immigrants, which calls into question their use as a benchmark population. Further, we find that 2+ generation Mexican Americans also show high levels of cultural convergence with regards to Anglos and African Americans, with the exception of Spanish-speaking Mexican Americans. This could be evidence that Spanish maintenance is a marker of "thick" ethnicity [13] .
Rather than conforming to a single assimilative path, our findings highlight how Mexicans immigrants defy simple unilinear theoretical expectations. Indeed, their remarkable convergence with both Anglo and Black musical tastes, along with the preservation of some ethnic musical genres, reflect Mexican-Americans' heterogeneous character [1] . Last, the greater similarity in musical preferences of Mexicans in Mexico vis-à-vis African Americans complicates interpreting a preference for "black" genres as a straightforward indicator of downward assimilation among immigrants.
The primary limitation of the study comes from Facebook's "black box" algorithms for inferring attributes such as ethnic affinity. Though we cannot validate the classifier outputs on a per-user level, previous work has used data on stocks of migrants [33] and voter registration data [21] to show that, by and large, the inference for country of origin and ethnic affinity are quite reliable. However, such errors are likely non-random, so we cannot rule out potential for bias. Replicating our findings with other music-related data sources, such as 'Last.fm' [16] , could be worth pursuing.
Finally, it is important to consider privacy implications of our work. Whereas Cambridge Analytica and similar companies (1) use individual level data, and (2) actively try to change user behavior, we do neither in our work. We only work with anonymous, aggregate data that in terms of content is similar to census-level data.
